2ジスイ ソウホセイ モンダイ ニ タイスル ヘイカツカ FISCHER BURMEISTER カンスウ ノ ヤコビ ギョウレツ ノ テキゴウセイ ニツイテ 21セイキ ノ スウリ ケイカク アルゴリズム ト モデリング by 成島, 康史 et al.
Title
2次錐相補性問題に対する平滑化 Fischer-Burmeister関数の
ヤコビ行列の適合性について (21世紀の数理計画 : アルゴ
リズムとモデリング)
Author(s)成島, 康史; 小笠原, 英穂; 相良, 信子









2 (Second-Order Cone Complementarity Problem, SOCCP)
:
Find $(x, y,p)\in R^{n}\cross R^{n}\cross R^{l}$ such that
$x\in \mathcal{K}$ , $y\in \mathcal{K}$ , $\{x,$ $y\rangle=0$ , $F(x, y,p)=0$ . (1)
, $\{\cdot,$ $\cdot\rangle$ Euclid , $F$ : $R^{2n+\ell}arrow R^{n+\ell}$
. , $\mathcal{K}$ $\mathcal{K}=\mathcal{K}^{n_{1}}\cross \mathcal{K}^{n_{2}}\cross\cdots\cross \mathcal{K}^{n_{m}}(n_{1}+\cdots+n_{m}=n)$
. $\mathcal{K}^{n_{i}}$ $\mathcal{K}^{n_{i}}:=\{$ $(z_{1} , z_{2})\in R\cross R^{n_{i}-1}|z_{1}\geq\Vert z_{2}\Vert\}$
, $n_{i}$ 2 (SOC) . $\Vert\cdot\Vert$ 2-J
. , $\mathcal{K}^{1}=R_{+}=\{z|z\geq 0\}$ , $n_{1}=n_{2}=\cdots=n_{m}=1$ , $\mathcal{K}=R_{+}^{n}$ ,
. $n_{1}=n_{2}=\cdots=n_{m}=1$ , SOCCP
$x\geq 0$ , $y\geq 0$ , $\langle x,$ $y\rangle=0$ , $F(x, y,p)=0$
, $\ell=0$ , $F(x, y,p)=f(x)-y(f:R^{n}arrow R^{n})$
, (NCP)
$x\geq 0$ , $y\geq 0$ , $\{x,$ $y\rangle=0$ , $y=f(x)$
.
SOCCP NCP ,
, [1, 3]. , SOCCP
Fischer-Burmeister ,
.
, $\mathcal{K}=\mathcal{K}^{n}$ , .
2SOC $C$-
, SOC
. $x=(x_{1}, x_{2}),$ $y=(y_{1}, y_{2})\in R\cross R^{n-1}$ , $x\cdot y=$
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$(.x^{l^{-}}\uparrow),$ $y_{1’}.:_{2}+.x\cdot\iota)$ . $;\cdot$ . $.r=.x^{2}$ , $\chi\cdot\in \mathcal{K}’’$ , .r 1/2
$x^{1/2}=\{\begin{array}{ll}(, \frac{x,2}{2\backslash }), =\sqrt{\frac{1}{2}(J_{1}+\sqrt{x_{1}^{2}-\Vert r_{2}\Vert^{2}})} (x\neq 0 \text{ } )0 (x=0 \text{ } )\end{array}$
. , $(x^{1/2})^{2}=x^{1/2}\cdot x^{1/2}=x$ . ,
$x=(x_{1}, x_{2})\in R\cross R^{\prime\prime.-1}$ , $n$ $L_{x}$ Arrow
:
$L_{x}=\{\begin{array}{ll}x_{1} x_{2}^{7^{1}}x_{2} x_{1}I\end{array}\}$ .
, $x\in$ int $\mathcal{K}^{n}$ $L_{x}$ . $x=(x_{1}, x_{2})\in$
$R\cross R^{7l-1}$ ( , $x=\lambda_{1}u^{(1)}+\lambda_{2}u^{(2)}$ . , $\lambda_{1},$ $\lambda_{2}$ $u^{(1)},$ $u^{(2)}$
$x$ , ,
$\lambda_{i}=x_{1}+(-1)^{i}\Vert x_{2}\Vert$ ,
$=\{\begin{array}{ll}\frac{1}{2}(1, (-1)^{i}\frac{x,2}{\Vert x_{2}\Vert}) (x_{2}\neq 0 \text{ } )\frac{1}{2}(1, (-1)^{i}\overline{u}_{2}) (x_{2}=0 \text{ } )\end{array}$
$(i=1,2)$ . $\overline{u}_{2}\in R^{n-1}$ $\Vert\overline{u}_{2}\Vert=1$
.
, SOC $C$- SOCCP . , $\hat{\phi}:R^{2n}arrow R^{7?}$
, $\hat{\phi}$ SOC C(omplementarity)- :
$\hat{\phi}(x, y)=0$ $\Leftrightarrow$ $x\in \mathcal{K}^{7t}$ , $y\in \mathcal{K}^{\eta}$ , $\langle x,$ $y\}=0$ .
, SOC $C$- $\hat{H}$ : $R^{2_{2l}+l}arrow R^{27t+\ell}$
$\hat{H}(x, y,p):=(\begin{array}{ll}\hat{\phi}(x y)F(x,y,p) \end{array})$
, SOCCP $\hat{H}(x, y,p)=0$
. Fukushima et al. [2] Natural Residual (NR) Fischer-
Burmeister (FB) , SOC C- :
$\phi_{N11}(x, y):=x-[x-y]_{+}$ ,
$\phi_{FB}(x, y):=x+y-(x^{2}+y^{2})^{1/2}$ .
, $[z]_{+}$ $2\in R^{7\prime}$ $\mathcal{K}^{7\prime}$ . NCP




SOC C- , .
1 $f:R^{7?}arrow R^{n\not\supset}$ . $f_{t}:R^{7?}arrow$
$R^{77t}$ $f$ .
(i) $t>0$ , $R^{n}$ ;
(ii) $x\in R^{n}$ , $\lim_{tarrow+0}f_{f}(x)=f(x)$ .
Fukushima et al. [2] NR , Hayashi et al. [3]
Chen et al. [1] , . ,
,
.
Fukushima et al. FB $\phi_{t}$ : $R^{2}"arrow R^{n}$ :
$\phi_{t}(x, y):=x+y-(2t^{2}e+x^{2}+y^{2})^{1/2}$ .
, $e=(1,0, \ldots, 0)^{T}\in R^{n}$ . $\phi_{f}$ $t\neq 0$ , SOC-C ,
$\phi_{t}(x, y)=0$ $\Leftrightarrow$ $x\in$ int $\mathcal{K}^{71}$ , $y\in$ int $\mathcal{K}^{7?}$ , $x\cdot y=t^{2}e$
. $H_{FB}:R^{2n+p}arrow R^{2_{7l}+l}$ , $H_{f}:R^{2n+p}arrow R^{2?1+\ell}$
$H_{FB}(x, y,p):=(\begin{array}{ll}\phi_{\Gamma B}(x y)F(x,y,p) \end{array})$ , $H_{t}(x, y,p):=(\begin{array}{l}\phi_{t}(x,y)F(x,y,p)\end{array})$
. , $H_{FB}(x, y,p)=0$ SOCCP(1)
, $H_{F^{\urcorner}B}$ . ,
$(x, y,p)=0$ , $H_{t}$ , SOCCP(1) ,
SOCCP . , $H_{t}$ $H_{FB}$
, $t>0$ , $H_{t}(x, y,p)=0$
, , $H_{FB}(x, y,p)=0$
(Fukushima et al. [2]). , SOCCP
$(x(t), y(t),p(t))$ .
, . $x=(x_{1}, x_{2}),$ $y=(y_{1}, y_{2})\in$
$R\cross R^{n-1}$ $t\in R$ $w^{t},$ $u^{t}:R^{2n}arrow R\cross R^{n-1}$
$w^{t}=(u)^{t}1’ w_{2}^{f})=w^{t}(x, y):=2t^{2}e+x^{2}+y^{2}$ ,
$u^{t}=(u_{1}^{t}, u_{2}^{f})=u^{f}(x, y):=(2t^{2}e+x^{2}+y^{2})^{1/2}$
. $t=0$
$w=(w_{1}, w_{2})=w(x\cdot, y):=t1)^{0_{=x^{2}+y^{2}}}$ ,
$u=(u_{1}, u_{2})=u(x, y):=u^{0}=(x^{2}+y^{2})^{1/2}$
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. , $1\downarrow$ ) $2^{-\neq}()$ $t\overline{1}J_{2}:=11)_{2}/\Vert_{ll)}t\Vert$ , $lll_{2}=0$ $\Vert_{1\overline{1}J_{2}}\Vert=1$
$n$. $-1$ . $l\cdot,$ $\backslash 1/\in R^{l}$ $x^{2},$ $!/^{2}\in \mathcal{K}’$ }
, $w\in \mathcal{K}’$ } $8l)^{f}\in$ int $\mathcal{K}(f\neq())$ , ,
$v)^{f}\iota=2t^{2}+\Vert\prime x.\cdot\Vert^{2}+\Vert y\Vert^{2}=2t^{2}+t)_{1}$ , $\prime t/f^{f}2=2(x_{1}x_{2}+y_{1}y_{2})=\cdot u)2$
.
$H_{f}$ ( ) ,
Fukushima et al. [2] .
1 $\lambda_{1}(w^{t}),$ $\lambda_{2}(w^{f})$ $uj^{t}$ . $t\neq 0$ , $\phi_{t}$ $H_{t}$
$R^{2r\prime},$ $R^{2_{7l}+p}$ , ( ) .
$\nabla\phi_{f}(x, y)=E-\nabla u^{f}(x, y)=\{\begin{array}{l}I-L_{T}L_{z\iota^{t}}^{-1}I-L_{y}L_{u^{t}}^{-1}\end{array}\}$ ,
$\nabla H_{f}(x, y,p)=[\nabla_{x}\phi_{t}(x,y)\nabla_{y}\phi_{f}(x,y)0$ $\nabla_{x}\nabla_{j)}F(x,,y,p\nabla_{y}F(:x,\cdot,y,p\}]$
, $E=[II|^{T}\in R^{2_{71\cross 7t}}$ , $w_{2}=0$ $L_{\iota\iota^{t}}^{-1}=(1/\sqrt{\uparrow 1J_{1}^{t}})I$ , ,
$L_{u^{t}}^{-1}=\{\begin{array}{lll}b_{t} -C_{\prime t}t\overline{1}J_{2}^{7^{\urcorner}}-c_{\prime f} \prime\iota\overline{\int J}_{2} a_{t}I+(b_{t}-a_{f})\uparrow\overline{v}_{2^{l1}2}^{r}\overline{)}^{[}’\end{array}\}$





, Hayashi et al. $t$ $0$ Newton
.
1
Step $0$ . $v^{(0)}$ $:=(x^{(0)}, y^{(0)},p^{(0)})\in R^{2n+p},$ $t^{(0)}\in R_{++}$ , $k$ $:=0$ .






Step 3. $\alpha_{k}$ ,
$v^{(k+1)}:=v^{(k)}+\alpha_{k}d^{(k)}$
.
Step 4. $t^{(k+1)}\in(0, t^{(k)}]$ .
Step 5. $k$ $:=k+1$ Step 1 .
Fukushima et al. [2] $H_{t}$ ( ) $\nabla H_{t}$
. , , 1
.
$f(x)=0(f :R^{n}arrow R^{n})$ Newton
( [4] ),
$f$ (strong)semismootfmess, $f_{f}$. (Jacobian
consistency), $t$ , .
$H_{FB}$ (strong) semismoothness Sun and Sun [5] .
, 1 2 $H_{f}$
Jacobian consistency property $[_{arrow}^{}$ .
4 Jacobian consistency
, $H_{t}$ Jacobian consistency .
2 $f$ : $R^{t}arrow R^{m}$ Lipschitz . ( Rademacher
$f$ ) $f$ $x$ B(ouligant) ,
Clarke :
$\partial_{B}f(x)$ $:= \{\lim_{\hat{x}arrow x}\nabla f(\hat{x})|\hat{x}\in \mathcal{D}_{f}\}$ , $\partial f(x)$ $:=$ co $\partial_{B}f(x)$ .
, $\mathcal{D}_{f}$ , $f$ , co $\partial_{B}f(x)$ $\partial_{B}f(x)$ .
Clarke ( ) , $f$
$\partial f(x)\equiv\{\nabla f(x)\}$ .
3 $f$ : $R^{n}arrow R^{n?}$ Lipschitz . $f$ $f_{t}$ : $R^{\gamma 1}arrow R^{n\iota}$
$x\in R^{n}$
$\lim_{farrow+0}$ dist $(\nabla f_{f}(x), \partial f(x))=0$
, $f_{t}$ } Jacobian consistency property . ,
dist $(X, S)$ $\inf\{\Vert X-Y\Vert|Y\in S\}$ .
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$H_{1b}$:
$H_{t}$ $F$ , $H_{f}$ $Ja.(’$obian
( $(Ilsist_{(I1(}\supset\cdot y$ , liii $1_{arrow 0}\nabla\phi_{f}(.r, y)$ $\partial_{[;\emptyset]=]\theta}(\prime x\cdot, |])$
. , $R^{2t1}$ $R^{2?\mathfrak{l}}=\mathcal{Z}_{1}\cup \mathcal{Z}_{2}\cup\{$ ( $0$ , ()) $\}$ .
,
$\mathcal{Z}_{1}=\{z=(x,$ $y)\in R^{2?t}|tl)=x^{2}+y^{2}\in$ int $\mathcal{K}^{7t}\}$ ,
$\mathcal{Z}_{2}=\{z=(x, y)\in R^{2n}|w=x^{2}+y^{2}\in bd\mathcal{K}^{n}, w\neq 0\}$
$=\{z=(x, y)\in R^{2\tau\iota}|w=x^{2}+y^{2}\in bd\mathcal{K}^{?1}, (x, y)\neq(O, 0)\}$
. , $\phi_{FB}$ $\mathcal{Z}_{1}$ , $\mathcal{Z}_{2}$
. , $\lim_{tarrow 0}\nabla\phi_{t}(x, y)$ $\partial_{B}\phi_{FB}(x, y)$ .
1 $(x, y)$ $R^{2n}$ . ,
$1iin\nabla u^{t}(x, y)tarrow 0=\{\begin{array}{ll}L_{x} JL_{y}J \end{array}\}$ , $\lim_{tarrow 0}\nabla\phi_{t}(x, y)=E-\lim_{tarrow 0}\nabla u^{t}(x, y)=\{\begin{array}{l}I-L_{x}JI-L_{y}J\end{array}\}$
. ,
$J:=\{\begin{array}{ll}L_{u}^{-1} if (\prime x, y)\in \mathcal{Z}_{1}\rangle\frac{1}{2\sqrt{2w_{1}}}[Matrix] if (x, y)\in \mathcal{Z}_{2},0 if (x,y)=(0,0)\end{array}$
.
2 $(x, y)$ $R^{2n}$ . ,
$\{\begin{array}{l}I-L_{x}J\pm ZI-L_{y}J\end{array}\}\in\partial_{B}\phi_{FB}(x, y)$
. ,
$Z:=\{\begin{array}{ll}0 if (x, y)\in \mathcal{Z}_{1},\frac{1}{2}[Matrix] if (x, y)\in \mathcal{Z}_{2},I if (x, y)=(0,0)\end{array}$
.
, 2 , $(x, y)\in R^{2r}$’ , $1ii\iota i_{farrow 0}\nabla\phi_{f}(x, y)\in\partial\phi_{FB}(x, y)$
. , $F$ .
1 $(x, y)$ $R^{2n}$ . ,
$\lim_{tarrow 0}$ dist $(\nabla\phi_{t}(x, y),$ $\partial\phi_{FB}(x, y))=0$




Newton ( 1) ,
$H_{t}$ Jacobian consistency . $t$
,
.
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